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^-Ur'S* GaN 7l«V zJ3}-# ^dixls] ^^7l^s| (Electrostatic Discharge(ESD)) 7fl^sVfe ?H1 Stb 

5., §^7l-o) N-GaN# 7-1- o] £fe N-GaN# ^Zt°\] AlInGaN** ^#.fi-5. 

^^°Jr *W s.^^- ^7i^j o. s 7 fl^^- ^ ^ ojcj. o|nt -y-^sl^ AlInGaN*^ Jf-*flfe 
*\^°] 7>^M £ a o v ^ ^7l^j ^ofl &-g. x§ £ 7> sMo) ^-cf. ol^Til p*g AlInGaN^* -a-flflvS. 

3.* °>2fl°ll €• ?14^1€it <r XlS-^. *§^€ €• ^SflAl^ife ^^7)7> *<H#-g. Tj-f ZL 

^l7l» tb4. °lr Tl^A]^^?} T^l^ o.s 7H)*lfe tflsflT-i ^71-21 «V-g-^£(res 

ponse timeW ^<H^l7fl S)^a^ =l ^tfl 3]a^7> ^s)7l nflS-olcf. ^-^^ °l-8-*|-$i* *HJ-* ESD 
^71^ o.S 7fl7<is><^ ) 3-§-s}7] ?H 200-400V ^$3] ^i^s) ^-fr 1000V ol# 

£ 4 

GaN, ^S]- 1 ^, capacitance, ESD, ^^7]^-^, Electrostatic Discharge 



£ l^r ^211^ ^-#^Sr# ^4i7>l- ^^s>7l ^^-S.^; . 
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^■^•^^r GaN 7lw> ^S(-# ^-i7>Sl ^^71431 (Electrostatic Discharge(ESD)) «Mg* 7^f>}^ St!- %°]t\- 
GaNTfl ^$±x\l= .2.3. ^-^-^Hl ajsflAi ^^7l ^ %°-3. <g£\z\ <&t±. o]fe ^a^l 

*r4°l°1 7l#J?H GaN ^7>7> 7 ]^-52}. Aj^-£|fe. A>0]^ 3. ^\ ^ <g *) ( 1 6%)3 °] 

^ GaN ^ ^Aj£i 7 ] nfl^o|c}. els} l^if^. Y^^fi-* ^7>a171ji <q«. ^^7l 

7> «<H#-g- 3 + S^tt* 7>^1 Jl 5Utt ^#^7]-o] :gcoi| ^tiV^ GaN 

"^Mlfe 10 !0 - 10 12 /Cm 2 a^°1 ^^o] §7)1^ 3-° 3 <£e)z) $1^. ^^>^ ^7] 4*1 s-Aj ^ g 
aNTl) ^^7,]-^ -g-g- ^^S} S^^H ^ A>-?>olcf. s.€rl psfl^^Al ^a] ^ ^ 745. 

GaN 31 <£#4i7}-7} ^-^ ^ 2:^* fl^o] ^ofl -g-g-^H Aj-g-sU 5U^r £S 

^#7l ^-Ajol ^^.sl-Tfl <^7i^jl <a«>aj 71^^ GaN iJ-^Ar^ ESDfe- Human Body Mode(HBM) 

^TdoflA^ $a o V^6 Sfe 7iCll4 ^«>fo S ^ +m -g-RS- ?1^7l7> Zt oVoflAi ^^"Si 

^•ol ^7>S1 ^ ^^-o) ol-^-ol^, at!- ±7}2] ^ ^t^]£ ofl-f Wr*} GaN 1:^7>^ A}. 

4°H 7l^ ^fl^sl-Jl Si^-S-S 4l7>^ ^-2:^- N-^^ P-^q-<>l ^1 ^AjS]^Ai 

^■^Al N-3 ^ ^^^-5. ^i^-Sl JE.-y ^Aj-ol Aj^flT^A^ ESD *4*L7fl ESD ^-Aj^- 7 flAj *].7l 

flSflA^ 7]#sl ^} #^<H1a^ ^el- ^o] ^si ojcf. GaN t^rl;^^ ^^5. fil cfol^c c 

^ £-3. »m 4°liH)f ^ ^ GaN iA>ofl ^ 0.5. i;*!'^ ESD7> ^-^Hl^- U 0 V ^1 «fe «o v ^* Af-g- 

sj-7l£ GaN ^:^a>s1- ^ ^sflAlEil- <3^*M i^o] tI^aIeII. -§-*)) ^^ 7 >£^- ° 0 v ^-§: a> 

-§-^>7l£ tb^. zie^ui- ^2^- ^-o] ^7-} ^-^-^ o.s. ^7}^9l ESD ^a>» ^7>«fe 3* «l-§-3<a ^°flAiM- ^ 

^^o] ,30^ ul-^S}^!^. ^rcf. 7KV «>^-3]t!- ^^aVSI «Vc1- S-Aj ^2:« 7flAi*>^Ai ^^Af A> 

AS. ESD 7flAi^ ^ol^. ol^- ^sflA-1 e^lS. GaN 53^1 o]ofl^ 

t!-3l7> 91^. ^7.m*} GaN i7>Sl ESD -Bj-Aj-g. 7flAi^>7l >g^> *$*#°\] cfltb Aj-S.^ S^l i 1^- 

#2flsl m-^4)-# ^£^1 t^AM- ^i}7] ^£°lcf. 

S 1* ^^S] JR-^^ ^>£^1 tfi^fe, A>^-o]ol 71^(10) ^-ofl, £€ = 71- ;£3gsq7>] GaN°S 

ol=.ol^l ^3)^(11), n-GaNAS o] ^-ol?] 3>-?-^#^(12), ^ <$AHr-§-^2: Slfe ^°o l A>-?-#^-2:# 7>a]^ ^ 
Aj#(13), ^ p-GaNAS. ol^-^^l Aj-«^^(i4)^- £*>3 o.s. ^ofl, *r^-^#*(12)o) tfs|^ ^IaV^ 

z*t>}jL ^SLS. A>-g-^ 3^-#(15,16,17)-§-|- ^Aj^-o.^.^ o] ^.olAlcf. q^ol-A].^ ofEflofl ^^1^- h 

^^l 3*1 ^ GaN#* aJ-^s}^ ESDI- 50%aJ5.^>a1 #«1* «> 

^^O] O] -31A1- 7l**j 4^1 

il-^Ai, ol =.jia> 7l#^j 21-^1 fe, GaN #^ 7fl A1 (Crystal Quality 7flA}) tr^l-f- ?]^s>^, GaN 

^4iA]-^ «vnv sa7)q°.3. 7flAl^H GaN ^rbAl-21 ^#7} s.Aj^g- 7flAi^c)] 0^4. 

^°11A1 <a^-S>At^°l ESD 7flAi^- ^tb e^-2l?l GaN ej-^S) f-^-g- 7^^ ^Jolcf. zi^uf o]^ o. 

nfl^ o. j^oH, ^ GaN W a^^J- 71^2} t>74ll- 7>a1zl ^-g-olcl-. xq^A] °. GaN^2l #^ 

^ 71^4 -^<a^>7fl -B-Al^A^ ^Al-21 ^2t^O] S-Aj-g- 7flAi^ Aj^7l7> ^7^1 ^^3x1* ^l » ^ 

A>7> ^ xlTfl §1-^ ^7>o]cHl ^Jl ^Cf. 

4lAHl A^7lSl- ^-o) ^TV^l^o) ^ ^i^EflSl ^oj-ol I-Ol ^ 7J o-, ^Af ^Jf-I- ^}^S>^Ai Zl ^i^ 
3) ^^]7) 2) ^-511^^ 7fAlZL 9X$= 7l%V4 ^sflAl^iofl It)-^ al^V^l ^V^*}- 3)5-1- #<H 

^io)l cfl^A-1 A-l^ capcitance<i 34^01 o^^tII ^^*1 ^Tfl ^o] ^ ^ 01^. 5)5. A-]^g R, ^11^ 
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<S^€ Capacitance* C^ul 7§ + ^<g« ^3 ^7\7\ a]^-°- Rj}C^ #<Hl Hl^r^cc e (-t/RC) 

, t:^li>, R:*Hh C:^2flA]^^). s R^- C7> # ^-f aItJoI z^a^ o)^ ^ 

^^1 2)31 ^l7l7>ZL ^^-cf^ ^nl^-Cf. cfA] ^Sfl ^<yslfe ofl u) 7> iL<&°l ^A^ 

ZL ^ol7> ^-o>^^ %o)v\. o] ^-g- tfl^^ £ 2°fl l-l-EH&l}. R ?J C7> 351*17} 

^-^oflA^ <?1 if-^-g- GaN ^^Hl ESD^ ^ ^S* 3 3 ApK 

Peak intensity)* #ifl ^ ^ 2.5. ESD ^^-1: ^i^o.^. «>7fl ^7>« Til # J1A> 5>£t}. P-N 

CM.2.JELS) t^i7Hl 9X°1*1 ^ W ESD ^«J-*^ ESD lO^fl ^ &-§- S.?!^. 'r^iSc 

Human Body Mode^H ESD #H 1r u o v *J= ESD »S ^£^14. JMj 

-§- dt^S) A^S)- T^Al^i £fS ^°1 7>^s]-rf. «V£*)1 2} T^Al^fe P-N ^^°flAi ^5}^ 

(depletion region) ^g^o] ^cf. ^^.o jg. t^aI^-I- q-^iflfe 

C = -B-^-i- x ^q-^^(A)/^^-A>ol 71 3(d) 

•f 7^7)1 £4. ^7>ofl «« 0 VfOS ?17>^* ^ <>1 7l^(d)fe Tl^Tfl £] 51 4^ ?1 

jM^a 7 } nl-eM ESD7> ?]7>s)^^- ^ rfc*}^ capacitance 7> 71*1711 £\S.S. ±*}7\ ^ 

^3-^. ^fe ESDS) ^51 ^]7l(peak intensity)^ ^ °^7ll £H, ^« 0 >^ ESD7> <>l7l-£l$i* 3 + ^Aj-sl t^a] 
^^7} ^o>x]^A-1 ±7.}7\ -63^^ o. 5. >£fe ESD^l ^Jl AJMfe ^0^^7)1 ^^>14. 4^ GaN ^^A>ofl 

Ai ESD7> «l*fl 10°1a o > ^|q=s>s.5. ^ ^ ESDI- 7flAl^ nfl^- 

^-^^ ^<H£ Ga^l- N# SAjofl ^7Vs4- ^^-s] ^M^l 3)n ^-i- a% v *>^, 7l^ 

A}-g-s}o) °il3)Aj^-s)fe 4^711^ m-^^-# sh£3l#-i"l- &Wt= m-^3}-# ^-^aHI XHaI, 4^711^ 

m-^S}-# ^:£*ll*»^r %Aj^ofl oj-Ai ^sl^^^ n^ ^i^-ol ^7l^ 0.3. ^^Sl^r n^ m-^5t-# 

P^ Al(x)In(y)Ga(z)N (x+ y+ z=l)%-^ p^ Al(x)In(y)Ga(z)N (x+y+z=l)^ ^ Aj ^ ^ n tg A i( x 

l)In(yl)Ga(zl)N (xl+ yl+ zl=l)#* n*§ m-^^-# Afolofl c| i^Sfrfe m-^^-# ^: 

o^7lAi, al2|#^r a>^*>^lfe 7^a^^ GaN ^^^55,290,3933:), ^ SiC SiCN 

^s-sj^^ ^12003-8533431, ^12004-3561031)^ ^ Si^. atb, n<§ ffl-^S)-!- S>i^l#^- slS^ o.^ s^£l 
a1 ^ n ^ GaN#* 5L«-t ^ Si^-. ^•^■ t g^r n^ a>oH1 ^^sl p - n ^ cf°l^ 

S» ^-Aj^- ^ ^.xls SH, %Aj^jq. ol p- n cfol^s. zleIji o] p- n ^ cl-ol^.csq. n -?i^# A>olcilAi 
^7H|7ll 7>^s>7l^ ^AlSl A17H1 fto] ^--^#0)1 ^14^1 °>fe «KE31#-§: ^ xi^. 

p^ AKx)In(y)Ga(z)N (x+y+z=l)#°l ^A> E^^ol 7 ]-^s>S.S- 0.5nmOlAj- 20nmol§l-Sl ^Tlll- 
7>a1^ m-€^# ^-£^1 ^ V: tiA>-I- ^l^tbcl-. 

2th P^ Al(x)In(y)Ga(z)N (x+y+z=l)#°l 10 18 /Cm 3 olAj- 10 22 / Cm 3 olsfs] 

ffl-^5l-i- «V£^11 tl-i^lt ^l^g-t!-^. 

BE£K ^-^-^^r n^ Al(xlIn(yl)Ga(zl)N (xl+ yl+ zl=l)*«»l 500nm°ls r ^ ^-Tfl* 7}7^ m-^Sl-l- ^>£^1 tH" 
4iA}-i- ^l^tt-cl-. 

n*§ Al(xl)In(yl)Ga(zl)N (xl+ yl+ zl = l)#°l 10 ™ /Cm 3 ojtf 10 20 /c m 3 ol§>'^ 
7fAl^ m-^s)-^- «J:^-^a>-i- ^il^-t!-^. 

SEtb, ^-^^ p^ Al(x)In(y)Ga(z)N (x+y+z=l)^4 P^ Al(x)In(y)Ga(z)N (x+y+z=l)# 4|<H1 ofl^Aj^sl^ n ^ 
Al(xl)In(yl)Ga(zl)N (xl+ yl+ zl=l)*ol S>4«fl^ ( >\}^^^^, ^ S^fe 10«1«1-^ m-^3|-# ^-£^1 

^-^^Al-i- ^ll^-^. ^7lAi, «>a.S10l AJ^^ #1:^ ^^AHl^l 7>^tt ^^°llAi ZL ^j;]. Aj^ ^x^jt 

SEth ^-t^^ 4^711°! m-^^-# «V£^l#l-ol n ^ Al(xl)In(yl)Ga(zl)N (xl+ y 1+ zl=l)# fl^l ^7>2l n ^ m- 

£ 3* -S-€?1 0 1 GaN t}°].2_H.£l Al<y-oll 4^- Capacitance* o_3. -M 

^\9X^°] ^ u o v *J= ^^^1 ^7>§>^Al <£^3 7l2flAl^i 7 > ^o>^^ ^ 5lcl-. 

^.^■tgcHilA^ ol<4 ^ ^Ell- GaN ^^-4 0 l^-5-ofl ^^-§H qire ESD» 7flAi§>ji7)- *>^n^. 0]^ ^ 

±7H1 ^-g-Sfl^ ESD* 7flAi3l-7l ^5flA^ 4,7>^ ^* 0 V-g- ^ 7 j.X|7l±r ?3 iL4 ^ TlsflAl^i* ^7-Hl 

* sHr ^ol ^^.^ViHl, ^-^ollAi^ 4-a^ o>Eflofl p ^ AlInGaN^r Aj-<a«M flo} ^-^* ^^14. aH)^ 

£ 4^ !4El-\+ «>£)- £0], A>^-olcH 7l^-(10)fl°ll tf|3l^(ll)* ^Aj^ji! 3. cq<H] 3. ^ ofl n ^ GaN#(12 

)* zielJi *a^^( 13) o>efl 21^ n*g GaN#(12) ^?i°fl p^ AlInGaN*(30)-i- tb^. P^ AlInGaN* 

(30) ^1°11 cfAl n ^ AlInGaN*(3D* ^j^a Zl $H1 «-Aj^ (13 )^. ^a^*}-^. ^^^^5. «-Aj^ (13 ) cqofl p ^ A1I 
nGaN^(14)ol ^Aj^i^-. 

<^7lAi S-Aj^ (13 ) o>Efl SE^r n* GaN#(12) Aj-^ol £l^ p^ AlInGaN#(30) ^ n^ AlInGaN*(31)ol ESD 

7flAl* ^SflA^ ^-^-tgoflA^ ^)l<?Ve>^ ^-3:014. olnfl Aj-ojs)- p ^ AlInGaN#(30)2l -^^^ ^a}^ ^^^0] 7}^} 
sm- 20nmol§}3. ^7ll# i}^ #°] a>a-ai^. ^-^7>°1 ^^o] ^aj-^Ai^ n ^ GaN*<HlAi ^<y^ b\ 
^ *«11 p^ f^* *^7fl tr|-El-Ai ^7421 ^Aj-^O] aj-oj^ p ^ *ol ^ ^Al 

^ ^Tfl ^c4. ol^Tfl A]-<y^ p ^ f,ofl ^^flA-l ^oflA^ o]o]:7l t[^o) p ^ ^4 n ^ A>ol ofl ^<g^(Depleti 

on Region)ol ^^Sl^A^, s ?1 b|) AHgi7} ^A^^cf. o]^ p ^ ^o] ^=51 SEt!: n^ i^^H 91^-3-3- 
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El 71- o>2floil ^7fl5}7l) £HS ^^71^1 a|Ji 41 7l (peak intensity)!- *-S** *r 5U7fl ^t}. 

£54^6^ ^-^oflxi t 2 -^ tflaJH °HM*1 ifflS. tI^a]^ *gAj-g- cfl^ o.S a^>s>5icf. 

o}-2flir -iAH§ -f.^ ^.^sl 7Hlt!r -g^* ^ 

^2fl°l 7)^0,1 Sfl^*>^ ^ 31(11), n *g GaN(12), *^*(13), GaN(14)^«^l cfl* *M|«: ^* Wtt 
t*. ^-t^H ^1°J JHfrtl ESD 7fl^d =5^-2-3. ^* ^^M}. 

[-a*H i] 

44»H 71^(10)^^1 «121#(11)* ^^^-^ 3. n*g GaN(12)* *l?!tk n^ GaN^(12) $H In x 
Ga !. x NfK30)* 5nm °H a}-§-£ xfe 0.05 «l$i4. InGaN** a}** GaN a 

^ AlGaN »l«flA^ InGaNfe -fi-^-frol *H ^-cfl^^ -g- ^aflAl^i^. ^-g- ^ ft?] nfl-g-ol cf. =l^\) ESD ^°ll 
nl-^ InGaN^l <>V\i GaNM- AlGaN* Aj--g-§}-c^£ ^sj-t}-. 5^ c^ 7 }^ i n <y=* ^ Sl-^, ^ 

x=0.05* *HSj«: ol*Tr x &* ^a^M ^tSfHfe a}-g-7l *:£» vflB}o> *>^2 o]a olS}a} 

51 tiVnl-^ HEl^% 1-€°1 v+#^ T Si7l nfl^ojrf. nJ-tiH *£S}- *H *1 ^ £ ^#-|- A>-g-^- ^} 

oltf. ztem o] 7>-p-#7ll £l*H A}*^- ^ SJcf. p-5L3§* Cp2Mg iif A>*^£ o.^, A^^JEfe O.ln 
m/s* p*8 # Aj^-Al o-^l^cl-. £^ Mg^* 10 19 -H1A1 10 21 A>oldml &* 7>^ 53 0.3. ^* ^tf. 
S°l InGaN(30)* 3^1* * 1x10 is ^el^ol tygjg n ^ GaNfK3D* 20nm ^.E. J83M*l ^ zi ^ 

°fl #^*(13)4 p^ GaN*(14)* ^^lS^. °13 fiS Sample* ESD ^^-* 200 

V<^1^ 2000V - 3000V 7flAj^- ^ SiSicf. 107]) sampled ^ ESDI'S S. 7<^1 M-E}-vf o^cl-. 

a^ol ^^j^ ?M °>M^ ESD 7flAi-g- p-^ -7,1 ^ ^^*>e^ 333. ^- ^-f jit)- cl ^ 

ESD* ^ 91-8: °\]^°) ^cf. 

t-a^cfl 2] 

Al-sM^ 7l*(10)fl<>1| ^2)#(1D* ^ * 3. ^<^1 n^ GaN#(12)* ^^A]?Jrf. n ^ GaN*(12) flofl p ^ l n 
x Ga 1 _ x N(30)*3nm-^^lS.3.elJln^ GaN^(3D* 5nm 3^7] o] ^ a>^-^ x fe ^ Alcfl l^ 

^-^1 0.05 olS*}. <>l7H InGaN^* a>^-^ °1*^ GaN AlGaN «l«fl>H InGaN^ -fi-€-§r°l ?l A i Aj-tfl^^ s 
Tl^Al^^s ^Aj^ ^ 0^7) nfl^-olcl-. ESD ^r^oll InGaN^l o}^ GaN^ AlGaN* A>-g-s>^i -°-« 0 > 

s>^. 3^ <^7lA^ A>^-^ 2:^1- ^ S^o.^, ^. ^^o,lAi x =0.05» ^ejtt ol*Tr ^.S X ^7>Al 

71 7l ^-§-71 ifls|o>*|on. o]s. Aj^J-slfe 3Elif q-ra>^ ^ Si7l nfl-g^i}. 

ni-SW ^^Al^^s] <H2= ^£ ^#^t* A>-g-^ ^olcf. ziem- °]#^ *}-R-f-7fl A>*^- ^ Sicf. 

p-E^S* Cp2Mg A>-i-«r>^o.^, AJ^ £ ^ 0.1nm/s» p^^ ^^a] ^1» §>^c^. Mg'tf* «t 10 

19 oflAi io 21 a>o1o] ^ 7 y^ 5j o_5. ^-4. ESD 7flA} 0.3. ^?1^S n ^ GaN#(3D* ^ 1x10 1 

8 -^el^ol S^slSJo.ol, n -^7)1^ ^ 5nm p^ InGaN^(30)2l- ^^1 O.lnm/s ^^21 ^SS Aj^-o} 

^Sft 1 ^. °11 InGaN#(30) ^ n^ GaN#(30)* 3^710^. o] ^ofl cfl^- £A> 7 > E. 5^1 tj-Ej-q- 5^. 

©If! fiS Sample* ^ u o v ^ ESD ^°J-* 7)a- 200V^Ai 1000 - 2000V4^1 ^ ^- ^ 

cf. ^AHl 114 HlssH ^ ^<>|Al^ a.5S^, °lr 7^*oflA-1 ^51^1^ InGaN#(30)^ 3^7l7> ^ 

sI^a-i ^an^o! io|| Hisfl 14^1^ ESD£ ^-#^1 ^ ^8 €4. ^slM- °1?1 ^s^lAi 

£ 7l^ rflal nfl* fe* ESD^4* JiSft^. ^ S?i 0 l 5J^1 «1M^ ESD 7flAi^. P *g %s\ ^ 

*H ^ *^^* «^sH ^* Ji4 cl ^* ESD* "9* ^ Si* 5jA5. ofl^c}. 

Aj-^tt «>sf ^f^fl ^«>^, 7l^sl ^cfol^c ^oflAi %Aj* oVeflofl p ^ AlInGaN^* 

«>2ll<Hl €■ TlsflAl^i* ^AjAl^o.5.^ ^^^1 ^^7121 ^ 3. Ail 7l (peak intensity)* ^^ESD 

« 1000V 7fl>«d« ^ 5a=l-. 

(57) 3^1 •S^ 

^j^l£ Ga4 N* ^Aj6j| ^-*^ ^7><4 %#S] 7M^°11 SlSfl ^* ^AjS>^ %^#* 71** A>*5M 

<Hl3)Aj^-5)-. 4^ 7 fla] m-^sl-* ^-£^1^** 5L^s>^ m-^^-* S>£*H ^%di7Hl SZ^a^, 
^-^71121 m-^^-* SK£*11#** ofljqAj^-s)^ n ^ #?]q<L^ ^#£|^n^ EI-^^-* * 

£^1#* p^ Al(x)In(y)Ga(z)N (x+ y+ z=l)%A p% Al(x)In(y)Ga(z)N (x+y+z=l)# #H °fl^^^-sl^ 

n^ AKxl)In(yl)Ga(zl)N (xl+ yl+ zl=l)#* n^ m-^sl-* S}:£^1# ^>°H1 3 a^-*>fe ?J* *^'^. 

^ *Rr m-^Sl-* ^"^A>. 

2. 

*l] 1 ^°11 Si^A-l, pig Al(x)In(y)Ga(z)N (x+y+z=l)#* ^7j- el^^o] 7 p=.§i-;£.s. 0.5n m olAj- 20nm°l«l-2l -^7f|# 
7fxl^ 3-1- ^lo S m-^s^* ^-£^11 H-#^7h 
^^p-^- 3. 

^11 1 ^1 p^ Al(x)In(y)Ga(z)N (x+y+z=l)#* 10 ™ /Cm 3 oltf 10 22 /c m 3 ol§>sl 7 \x\ 
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fe 5l* *W .2-3. *}S= m-^S*# »J:5Ln} S*^. 
4. 

*l] 1 91°}^, n*§ Al(xlIn(yl)Ga(zl)N (xl+ yl+ zl = l)^* 500nm«>lSl-Sl s=*||«- 7>^^ ^J* ^^<LS. Z}^ 
ffl-^Sf-l- ^-%4i^K 
5. 

*fl 1 Al(xl)In(yl)Ga(zl)N (xl+yl+zl=l)** 10 i* /Cm 3 o]^- 10 20 /Cm 3 olg><q i^S. 

» 7}*]fe 51* f^AS. ffl-^^-# *2E*I| <g-*^*h 

*ll 1 *M Sl°W. P*§ Al(x)In(y)Ga(z)N (x+y+z=l)*^ p*§ Al(x)In(y)Ga(z)N (x+y+z=l)# <*| 3^ n 
^ Al(xl)In(yl)Ga(zl)N (xl+ yl+ zl=l)*«l *^*IH ^ ^ ^ #5} ^ , *J=j- J§#S>\ $J^fe 10<>1*K] 3* ^8.2.3. 

7. 

*ti 1 iHl Si°H, n*§ DI-^^-# «>i^l#^r GaN<?} 3j* m-^S)-# *JE*11 ^:%^K 

8. 

1 *<M &<H<*1, 4t?H^ m-^JW *S*ll##* Al(xl)In(yl)Ga(zl)N (xl+ yl+ zl=l)# $H ^7><J] n «g 

m-^^-# *£ 3* «HJ-°3 *m ffl-^^-# *£*(l ^3te*h 

^t 1 -^- 9. 

A}s*o]o\ *7l*; A>4o)o1 flofl *Hs]#; $H1 ^^=1^ *fll n*g GaN*; n*§ GaN* $H1 ^ 

In(a)Ga(b)N (a+b=l, b*0)^; p In(a)Ga(b)N (a+b=l, b* 0)# 3H1 ^^fe *1]2 GaN#; *fl2 
n*§ GaN# Ga^ N# 3£«-sHr «H8#; $H -S^te P*§ GaN<?S ^.elJl *fll Ga 

N#°fl ^71^ o.S ^#Sl^ n*g *^"-g- i#*Hr ^3 ^ ffl-^Sl-# *£*H tfi^}. 
10. 

A14«H 71*; Aj-31-olol 7l* flofl $H1 ^^fe n*§ GaN^S m n ^§ GaN^ °fl ^ 

^^H, p^ In(a)Ga(b)N (a+b=l, b=f= 0)^4 p ^ I n (a)Ga(b)N (a+b=l, b* 0)* 3H1 ^^fe *\)2 n*§ GaNf^ 3 
# 3# ^<H1 Qo]S. Ga4 N» i^Rr *^fs $H1 ^^fe P^ GaN^; =L 

ElJCL ^|1 GaN#°fl ^7l^ o.s ^^^l^r X^>^ 53* ^^-S ^ *S*fl «-*i^>. 
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